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Porous Membrane 


Background of the Invention 


1] Field of the Invention 

This invention relate 
fine particles present therein. 


to 2} Description of the Prior Art 
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© Disclosed is a porous membrane consisting of a film-forming polymer characterized in that: 

(a) in at least one surface thereof, pores extending in a direction substantially perpendicular to the 
membrane surface are present at a surface pore density of 20 to 80% ? said pores having an average pore 
diameter within the range of 0.01 to 100 urn, a ratio of major to minor axis within the range of 1.0 to 2.0. 
and a coefficient of variation of pore diameter within the range of 0 to 50%; and 

(b) the overall porosity of said porous membrane is within the range of 20 to 90%. 
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Porous Membrane 


Background of the Invention 
1) Field of the Invention 

5 

This invention relates to porous membranes useful, for example, in the filtration of fluids to remove any 
fine particles present therein. — - — - ~- - : - — — — - - - . — — - — ■ 


10 2} Description of the Prior Art 

Various types of porous membranes are known in the prior art. They include (1) asymmetrical 
membranes which are made by the wet coagulation process and consist of a dense layer and a void layer; 
(2) homogeneous membranes which, are made by forming a molten crystalline polyolefin and then cold- 

;s stretching the resulting preform, and include three-dimensionally interconnecting interstices surrounded by 
fibrils and knotted portions; and (3) porous membranes of the straight pore type which are made by 
bombarding a polymer film of, for example, polycarbonate with charged particles, and include cylindrical 
pores extending therethrough in the direction of the membrane thickness. 

In the aforesaid asymmetrical membranes, however, the pores present in the dense layer generally 

20 have a wide pore diameter distribution and a very tortuous and complicated form. Moreover, these 
asymmetrical membranes are usually made by a wet process. For these reasons, these asymmetrical 
membranes have the disadvantage that, once dried, they undergo a structural change and hence exhibit a 
marked increase in filtering resistance. In order to avoid this, a complicated procedure is required which 
comprises treating the membranes with a special fluid such as glycerol and then drying them carefully. 

25 They are further disadvantageous in that their filtering resistance is high, the material to be filtered is easily 
retained within the pores of the dense layer, difficulties are encountered in removing the material retained 
with the pores to restore their filtering function, and hence their service life is short. 

The aforesaid porous membranes having three-dimensionally interconnecting pores are characterized 
by excellent resistance to clogging. This is because, even if some pores become clogged, filtration can take 

30 place by other routes. However, they yet remain to be improved in some respects, because their 
fractionation accuracy is not satisfactorily high because of their volume filtration nature and because it is 
difficult to restore their filtering function. 

The aforesaid membranes of the straight-pore type have the disadvantage that their surface pore 
density is limited to a maximum of 20% and, therefore, it is impossible to enhance their fluid permeability 

35 per unit membrane area. At present, porous membranes of the straight-pore type having a high surface 
pore density are not available. 

Summary of the Invention 

40 

Accordingly, it is an object of the present invention to provide a porous membrane which can overcome 
the above-described disadvantages of conventional porous membranes, has good storage stability, a narrow 
pore diameter distribution and a high surface pore density, and includes pores extending in a direction 
substantially perpendicular to the membrane surface. 
45 According to the present invention, there is provided a porous membrane consisting of a film-forming 

polymer, characterized in that: 

(a) in at least one surface thereof, pores extending in a direction substantially perpendicular to the 
membrane surface are present at a surface pore density of 20 to 80%, said pores having an average pore 
diameter within the range of 0.01 to 100 urn, a ratio of major to minor axis within the range of 1.0 to 2.0, 

50 and a coefficient of variation of pore diameter within the range of 0 to 50%; and 

(b) the overall porosity of said porous membrane is within the range of 20 to 90%. 
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Brief Description of the Drawings 

Figs. 1, 2 and 3 are electron micrographs of the straight-pore layer surface, a cross-section and the 
void layer surface, respectively, of the asymmetrical membrane obtained in Example 3: 

Fig. 4 is a schematic illustration of an apparatus suitable for use in the practice of the present 
invention and equipped with a rotary drum; and 

Fig. 5 is a schematic illustration of another apparatus suitable, for' use in the practice of the present 
invention and equipped with an endless belt. 


Detailed Description of the Preferred Embodiments 

The porous membrane of the present invention has, in at least one surface fhereof, pores extending in a 
direction substantially perpendicular to the membrane surface. As used herein, the expression "pores 
extending in a t direction substantially perpendicular to the membrane surface" means pores having a 
tortuosity factor of 1.0 to 1.2 and a deviation ratio of 0.6 to 1.7 as measured in an arbitrary cross-section 
perpendicular to the membrane surface. Such pores will hereinafter be referred to as "straight pores ". 

The term "tortuosity factor" as used herein means the value of t/t G for each of the pores appearing in 
the aforesaid cross-section, where I is the length of the curved or straight line extending through the center 
of the pore and i 0 is the thickness of the porous layer including straight pores (hereinafter referred to as 
"straight-pore layer"). 

The term "deviation ratio" as used herein means the" value of d/d 0 for each of the straight pores 
appearing in the aforesaid cross-section, where do is the width of the pore at the membrane surface and d 
is the width of the pore at any position lying within the straight-pore layer. 

If the deviation ratio is smaller than the aforesaid range, it is highly probable that the material to be 
filtered will be retained within the pores of the porous membrane, making it difficult to restore its filtering 
function and also reducing its fractionation accuracy. If it is greater than the aforesaid range, the distance 
between adjacent pores will become extremely small, making it difficult to enhance the surface porosity. 

If the tortuosity factor is greater than the aforesaid range, the fluid permeability of the porous membrane 
may undesirably be reduced because of its increased resistance to the passage of fluids. Moreover, it is 
highly probable that the material to be filtered will be retained within the pores of the porous membrane, 
making it difficult to restore its filtering function. 

It should be noted that a portion in which the tortuosity factor or the deviation ratio is outside the above 
ranges, is not included in the straight-pore. For example, asymmetrical membranes consisting of a straight- 
pore layer and a void layer have a structure in which the pore diameter changes gradually or rapidly from 
the interface of the two layers. 

The deviation ratio is preferably within the range of 0.7 to 1 .5 and more preferably within the range of 
0.8 to 1.2. The tortuosity factor is preferably within the range of 1.0 to 1.1 and more preferably within the 
range of 1 .0 to 1 .05. 

In the porous membrane of the present invention, the pores present in the. surface of the straight-pore 
layer (hereinafter referred to as "surface pores") have a circular or elliptical shape, their ratio of major to 
minor axis is within the range of 1.0 to 2.0, and their coefficient of variation of pore diameter is within the 
range of 0 to 50%. Moreover, their average pore diameter is within the range of 0.01 to 100 urn. 

For each surface pore, the arithmetic mean of its major and minor axes is taken to be the pore diameter 
of that surface pore. Then, the arithmetic mean of the pore diameters of N surface pores is taken to be the 
average pore diameter of surface pores. Usually, N is equal to 100. 

The coefficient of variation of pore diameter is calculated from the measured pore diameters of surface 
pores according to the' following equation: 

Coefficient of variation of pore diameter = (standard deviation/average pore diameter) x 100 (%) 

If the ratio of major to minor axis is greater than 2.0, the fractionation characteristics of the porous 
membrane may undesirably be reduced when the particles of the material to be filtered have a non- 
spherical shape or undergo a change in shape during filtration. If the coefficient of variation of pore diameter 
is greater than 50%, the fractionation characteristics of the porous membrane may undesirably be reduced 
again. If the average pore diameter is smaller than 0.01 urn, the porous membrane will fail to exhibit a 
satisfactorily high permeability to fluids, and if it is" larger than .100 urn. the porous membrane' will be 
unsuitable for practical purposes. 
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Preferably, the coefficient of variation of pore diameter is within the range of 0 to 40%, The average 
pore diameter is preferably within the range of 0.01 to 10 urn and more preferably with the range of 0.01 to 
5 urn. 

No particular limitation is placed on the ratio of the thickness of the straight-pore layer (t 0 ) to the 
5 average pore diameter (D) of the straight pore. However, the ratio (lo/D) should be about 0.1 or more. It is 
preferable that this ratio is 0.5 or more, more preferably i.O or more and most preferably 3.0 or more. 

The ratio of major to minor axis and the average pore diameter can be determined by means of a 
scanning electron microscope. 

The term "surface pore density" as used herein means the percentage of the combined area of the 
10 aforesaid surface pores to the total surface area of the membrane, and the surface pore density is within the 
range of 20 to 80%. If the . surface pore density is less than 20%, the fluid permeability of the porous 
membrane will undesirably be reduced, and if it is greater than 80%, the porous membrane will be liable to 
damage because of its reduced strength. In consideration of the permeability and strength of the porous 
membrane, its surface pore density is preferably within the range of 30 to 80% and more preferably within 
75 the range of 35 to 75%. 

The porous membrane of the present invention can take various forms. They include, for example, 
homogeneous membranes consisting entirely of a straightpore layer as described above; asymmetrical 
membranes consisting of a straight-pore layer in one membrane surface and a void layer which comprises 
voids having larger pore diameters than that of the straight pores in another membrane surface; and 
20 heterogeneous membranes consisting of two straight-pore layers and a void layer disposed therebetween. 

Although no particular limitation is placed on the thickness of the straight-pore layer, it is preferably of 
the order of about 0.01 to 50 urn. In the case of homogeneous membranes, the membrane thickness can 
have a value of the order of 5 um to several millimeters, depending on the pore diameter of straight pores 
and the intended use of the membrane. 
25 In asymmetrical membranes and heterogeneous membranes, the thickness of the straight-pore layer 

can likewise have a value of the order of 0.01 um to several millimeters more preferably 0.1 to 50 um and 
the overall thickness of the membrane can have a value of the order of 5 um to several millimeters. 

Where porous membranes are to be used as precision separating membranes, the membrane thickness 
may be of the order of 5 to 50 um in the case of homogeneous membranes, and the thickness of the 
30 straightpore layer may be of the order of 0.01 to 50 um, more preferably 0.1 to 20 um and most preferably 
1 to 20 um in the case of asymmetrical membranes and heterogeneous membranes. As stated above, the 
porous membrane of the present invention may have various pore structures. However, asymmetrical 
membranes consisting of a straightpore layer in one membrane surface and a void layer which comprises 
voids having a larger pore diameter than that of straight-pores in another membrane surface are especially 
35 preferable because this make it easy to increase the fluid permeability and the handling quality is excellent. 

The overall porosity (in percent by volume) of the porous membrane of the present invention is within 
the range of 20 to 90%. If the overall porosity is less than the aforesaid range, the fluid permeability of the 
porous membrane will undesirably be reduced, and if it is greater than the aforesaid range, the mechanical 
strength of the porous membrane will undesirably be reduced. The overall porosity is preferably within the 
40 range of 30 to 90% and more preferably within the rangeof 50 to 80%. 
The overall porosity can be measured with a mercury porosimeter. 

The term "film-forming polymer" as used herein comprehends polymers which are soluble in organic 
solvents and insoluble in water and which can provide a castable solution. Examples of such polymers 
include fluorine-containing polymers (such as polyvinylidene fluoride, polytetrafluoroethylene copolymers 

45 and trifluoroethylene), polysulfones, polyethersulfones, polycarbonates, polyetherimides, polyethylene 
terephthalate, poly(meth)acrylic esters (such as polymethyl methacrylate and polybutyl (meth)acrylate), 
polyacrylonitrile, cellulose esters (such as cellulose acetate and cellulose nitrate), polyolefin (such as 
polyethylene, poly-4-methyl-1-pentene and polybutadiene), polyvinyl acetate, polystyrene, poly-a-methyl- 
styrene, poly-4-vinylpyridine, polyvinylpyrrolidone, polyvinyl chloride, polyvinylidene chloride, silicon poty- 

so mers and polyphenylene oxides, as well as copolymers of the foregoing. Among them, polymers suitable 
for the intended purpose may be selected and used with due consideration for their thermal resistance, 
chemical resistance and other properties. 

In the practice of the present invention, the above-enumerated polymers (including copolymers) may 
not only be used alone, but also be used in the form of a blend consisting of two or more polymers having 

55 mutual compatibility. Such blends have the advantage that, since the polymer components of a blend 
usually have different solubilities in a particular solvent, the structure of the resulting porous membrane can 
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be elaborately controlled by utilizing this property. Examples of such blends include polymer alloys 
consisting of a vinylidene fluoride-tetrafluoroethylene copolymer/a polyalkyl (meth)acrylate, polyvinyl 
chloride/a polyalkyl (meth)acrylate, polystyrene/polybutadiene and a styrene-acrylonitrile 
copolymer/poiyphenylene oxide. 
5 Now, the method of making porous membranes in accordance with the present invention will be 

described hereinbelow. Although various processes may be used in the making of porous membranes in 
accordance with the present invention, one of the preferred ones is the vapor coagulation process which will 
be specifically described in the following. 

The term "vapor coagulation process" as used herein means a process for producing porous 
/o membranes which comprises the steps of dissolving a film-forming polymer in a good solvent, forming a 
film of the resulting polymer solution, and forcibly contacting the saturated vapor or mist-containing vapor of 
a poor solvent with at least one surface of the film, the poor solvent being muscible with the good solvent 
and incapable of dissolving the polymer. Although the mist-containing vapor may comprise an unsaturated 
vapor, it preferably comprises a saturated vapor. 

The liquid which produces such a saturated vapor or mist-containing vapor can be any liquid that 
serves as a poor solvent for the aforesaid film-forming polymer. One typical example thereof is water. In 
addition, there can also be used low-boiling organic solvents which can readily produce a vapor, such as 
methyl alcohol, ethyl alcohol, methyl ethyl ketone, acetone, tetrahydrofuran and eihyl acetate. However, in 
consideration of such factors as handling properties, working environmental conditions, safety and econo- 
20 my, it is preferable to use water. 

In the following description, the wet coagulation process is illustrated in connection with the case in 
which the vapor is produced from water that constitutes a typical example of the liquid serving as a poor 
solvent for the polymer. 

Thus, a porous membrane is made by supplying saturated steam or mist-containing steam to at least 
25 one surface of a film of the polymer solution. 

Any conventional device may be used to supply steam while controlling its temperature and concentra- 
tion. Usually, saturated steam having a pressure of several atmospheres is ejected from a nozzle and 
supplied to the surface of the film. 

The content of the polymer in the polymer solution affects the overall porosity/ pore diameter 
30 distribution and other properties of the resulting porous membrane, and the optimum content varies with the 
types of polymer and solvent used. However, the content preferably ranges from about 2 to 40% by weight 
and more preferably from 5 to 30% by weight. 

The thickness of the film formed of the polymer solution may suitably be determined according to the 
thickness of the desired porous membrane. However, it usually ranges from about 10 to 2000 urn. Such a 
film can be formed by casting or spreading the abovedefined polymer solution on a support body having a 
smooth surface, such as a glass plate, metal plate, plastic film, rotary drum or endless belt. So long as the 
smoothness of the resulting film is not impaired, porous support bodies such as porous plastic films may 
also be used for this purpose. 

Moreover, such a film can also be formed into hollow fibers by properly determining the content of the 
polymer in the polymer solution and spinning it through a nozzle for the formation of hollow fibers. 

Furthermore, if the polymer solution is allowed to flow down from a slit orifice, the film can be formed 
without using any support body. 

Usually, the film so formed is immediately brought into contact with steam. However, the contact may 
be effected after a short lapse of time. 

The good solvent used in the vapor coagulation process may be any. of various solvents that can 
dissolve the above-defined film-forming polymer. However, if the good solvent is selected with due attention 
paid to the miscibiiity of the good solvent and water, a porous membrane having pores extending in a 
direction substantially perpendicular to the memrane surface can be made efficiently. Specifically, this can 
be done by using as-the good solvent, a solvent having a solubility of not greater than about 50 g per 100 g 
of water at 20 °C. The good solvent should have a solubility of greater than about 0.5 g per 100 g of water 
and preferably 5 g per 100 g of water at 20°C. 

Examples of such solvents include ketones such as methyl ethyl ketone, diethyl ketone, methyl n- 
propyl ketone and methyl isobutyl ketone; acetic esters such as methyl acetate and ethyl acetate; formic 
esters such as methyl formate and ethyl formate; acrylic esters such as methyl acrylate; aromatic alcohols 
such as benzyl alcohol, phenol and cresol; halogenated hydrocarbons such as chloroform, dichloromethane 
and dichloroethane; diketones such as 2,4-pentanedione; and ethers such as diethyl ether. From among 
these solvents;* a good solvent for the particular polymer may suitably be selected^ use in the vapor 
coagulation process. 
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Although the mechanism by which a porous structure is created according to the vapor coagulation 
process has not been fully elucidated, one possible mechanism is as follows: 

Where the good solvent used for the preparation of the polymer solution has a solubility in water (or 
poor solvent) which is equal to or lower than a predetermined level, the supply of steam to the surface of 
5 the film of the polymer solution produces, within the film, an aqueous phase containing a low proportion of 
the good solvent (hereinafter referred to as "the first phase") and a good solvent phase containing the 
polymer (hereinafter referred to as "the second phase"). The first phase forms islands, while the second 
phase forms a matrix. As the supply of steam (or water) proceeds, the first phase expands in the direction 
of the film thickness. Correspondingly, the good solvent present in the second phase gradually passes into 
70 the first phase. Thus, the reduced proportion of the good solvent in the second phase causes the polymer 

to precipitate and coagulate. Meanwhile, a part of the, good, solvent. having passed jnto the first phase is. 

eliminated from the system by flowing away together with the condensed wate* or by evaporation. 

The above-described phase separation and the coagulation of the polymer proceed from the side of the 
film to which steam is supplied. Where the thickness of the film is small or the feed rate of steam is high, 
75 the coagulation of the polymer occurs almost simultaneously all over the film and, therefore, straight pores 
of substantially uniform size are formed throughout the whole thickness of the film. In contrast, where the 
thickness of the film is large or the feed rate of steam is low, the coagulation of the polymer proceeds 
slowly in the interior of the film and on the rear side thereof. During this period of time, the islands 
constituting the first phase unite with one another and increase in size to form large voids. 
20 In the vapor coagulation process, a predetermined amount of steam is supplied to the surface of the 

.. film in a predetermined period of time. 

The coagulation rate and coagulation behavior of the polymer vary according to the type of the 
polymer, the concentration of the polymer solution, the thickness of the film, the boiling point of the good 
solvent, the miscibility of the good solvent and water and other factors. Accordingly, the pore diameter, pore 
25 diameter distribution, porosity and other parameters can be adjusted to any desired values by properly 
determining steam supply conditions including its temperature, concentration, feed rate, supply time and 
other factors. 

Usually, as the temperature of steam becomes higher and the feed rate (in mg/sectcm 2 ) of steam 
becomes higher, the resulting porous membrane tends to include straight pores haying a larger length and 
30 a smaller pore diameter. Moreover, as the boiling point of the good solvent becomes lower, the resulting 
porous membrane tends to include straight pores having a smaller pore diameter. 

The feed rate at which steam or mist-containing steam is supplied to the surface of the film should 
preferably be within the range of about 0.1 to 1000 mg/sec»cm 2 and more preferably about 0.5 to 100 
mg/sec»cm 2 . Steam or mist-containing steam should suitably be supplied for a time of about 10 minutes or 
35 less. 

By the action of steam supplied to the surface of the film of the polymer solution, its polymeric 
constituent is coagulated to create a porous structure. 

In order to promote the coagulation of the polymer and prevent its. redissolution, it is preferable to 
remove the good solvent from the film of the polymer solution or the resulting porous film during and/or 
40 after the supply of steam. The good solvent can be removed by evaporation or by allowing it to flow away 
in the form of a solution in the condensed water. 

Where the good solvent remains in the interior of the porous film obtained after coagulation of the 
polymer, it can be removed, if necessary, by drying, washing with water, or other suitable means. 

The vapor coagulation process will be more specifically described with reference to the accompanying 
45 drawings. 

Fig. 4 illustrates an apparatus suitable for carrying out the vapor coagulation process. 
In the apparatus illustrated in Fig. 4, while a rotary drum 1 is being rotated, a polymer solution 3 placed 
in a reservoir 2 is continuously fed to the surface of the rotary drum. The rotary drum 1 is equipped with a 
temperature controlling jacket (not shown) and has a polished surface, 
so The thickness of the film of the polymer solution 3 formed on the surface of the rotary drum 1 is 

controlled by means of a knife coater 4. The resulting film of the polymer solution is made porous by 
supplying a stream of vapor of a poor solvent to the surface of the film from a poor solvent fluid supply 
nozzle 5 having a plurality of openings. At the same time, an air supply nozzle 6 may be operated to eject 
air therefrom and supply it, together with the aforesaid vapor, to the surface of the film. 
55 As the film 9 which has been made porous travels with the rotary drum, the solvent is evaporated by 

exposure to air ejected from an air supply nozzle 10. Thereafter, the film is stripped frpm the rotary drum 1 
by means of a roll 11, passed through a hot-air dryer 18 having a plurality of rolls^S disposed therein, and 
" then wound on a take-up roll 13. 
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,„ Figure 4, 7 denotes an enc.osure. 8 a film of a polymer solution 14 and 15 w.pmg rolls, 16 a wash.ng 
nozz.e, 17 an air supply nozzle. 19 a hot ^J^^SS* GO agu,tion process. 

F-9- 5H»U«W P*'aY» 22 and 

In the apparatus illustrated .n-Rg c endless- belt 21 is supported by a plurality 

23. a po.ymer so.utlo n is ^l^Xed surface. Using a gear pump 28. the polymer 

of temperature-controllable T * ls * 4 fe Zvo„ 29 of tne polymer solution located above the top 

solution is transferred through a feedpipe 27 ta resen, ojS ° p0 ^J sokii}0n formed on the top surface 
surface of the endless belt. The th.ckness of tne {,lm 3 ; Jh „ the fiim of the polymer solution 

of the endless belt 21 is conned b ; , means <jf a ^o^JO ^h. - ^ 0 f J ppf of . a poor 
formed on the top surface of the endless belt zr is mau ^ > x q{ enj 

solvent to the surface of the film from a poor ^vent f^ ^J 1 ^ * ajf su 9 pply P nozzle 32 so as to 
Subsequently, the resulting porous f.lm « W^*"' J^^^X I is stripped from the 
evaporate a part of the so.vent ^^^Z^'^^^l^ a plurality of rol.s 35 
.endless belt 21 by means of a _-ro« fJ^^^Z^y^^^x. " " 
m T£^;*^Z7£Ze a £: % so,u*>r, 3* * ro, 40 a hot air miet and 41 a hot 

air outlei ; ha - dPscribed with reference to several cases in which a 

<2^'^»^A T PO^.- e of the 
P^nt invention can he made in both a batch process .and a ^on ^uouspr^cess . , nventjon . its 

. ,f it is desired to improve the water permeability of the poroa ^^^^ ? or tnis purpose may 
pore walls may be held with a hydrophilic sub ^-^^^JS^TS strongly held on the pore 
' S2£23 mclmers having In H LB value of 2 to 

20 and containing one or more polymerizable unsaturated bonds^ ^ 2 0 and one or more 

More specifically, these monomers ^include *™^^Z£f^£% linkage) and triple 
polymerizable which the hydroph,.ic moiety 

bonds (e.g.. acetylene linkage). In addition^ tney a su | fo nic group or its salt, a hydroxy! group, a 

unit). Moreover, diacetone acrylamide can also be used as the monpmer polyme rizati6n initiator are 

A monomer as defined above and.if desired a cross hnking monom * and a. po yme ^ ^ 

walls are held with a polymer having a hydroph,lic nature examples, using electron 

The present invention is further illustrated by the fol "W^ 3 mples ^thjse e P c J ^ 
micrographs (at a magnification of 1000-50.00 ^^^.^f ^^^traight-pore layer were 
overall thickness of the resulting porous membrane and the th.ckness of a><es \ ere measure d to 
determined. Moreover, for each of 100 surface PO^ their ma,or . and. mino cfGss . sectiGn . the 

^t^^Z^^^-^ a different!,. pressure* 10 P*. across the membrane. 
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Example 1 


55 


60 parts o, , eopo,,™ -consign, o, W^-.V*- ^^^T^ * 

*srr^»s~«. —» * <■ ■ * ,w pans oi ***** ,o prep 


polymer solution. 
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Cm0), ,he feed rate „, me a , m P cafcS ,o b ?« l", 3 ° Cm J™" *° m ,he noz2te »« cm* % 

^ „ ,, s te „_ was ^v.3^^r-^.^^s: 

average p or e diameter. coef)ic|em ™ a *"™= 8 " »». «"»°»fPOre layer. ,„ 8 ra „ 0 o1 ma , or J *° r ™» 
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Examples 2 and 3 


30 


35 


40 


45 


When (he temperature of ,„» SKam WM ™ ™ "™ d la >? r ""9«J "»» about 10 to 1 00 um. 
was found ,„ be 56 . c (Examp , e 2) ^ ^ « ■«» 3am. manner as described in Exampte ,, i, 

Examples 4 and 5 

Using a polymer solution composed of mn , , 


Example 6 
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55 


nJ^^ p ;:: ^r^;~ ^ >~ and 88 o Parts of 

° rm T e h d e ; n ea t ^ r Sa a me 7 anner « described in Exampfe l * t,0n - USi " 9 thiS a fi '™ was 

except thai sTeam ^TS.ppZTST? fIS rTtetf Same , conditio ^ described in Example i 

of th.s porous membrane are shown in Table * m9/SeC ' Cm2 fo ' 2 -"inuto,. The results of evaluation 
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Example 7 

40 parts of a copolymer consisting of tetrafluoroethylene and vinylidene fluoride in a molar ratio of 
20:80 was dissolved in 60 parts of methyl methacrylate and the resulting solution was maintained in an 
5 -atmosphere of nitrogen at 85°C for 15 minutes to polymerize the methyl methacrylate. 100 parts of the 
polymer composition thus obtained was dissolved in 1900 parts of methyl ethyl ketone to prepare a 
polymer solution. Then, a film was formed in, the same manner as described in Example 1. 

Thereafter, a porous membrane was made under the same conditions as described in Example 1, 
except that steam was supplied to the surface of the film at a feed rate of 15 mg/sec»cm 2 for 45 seconds. 
70 When the temperature of the steam was measured in the same manner as described in Example 1. it was 
found to be 50° C. 

The structural characteristics and other properties of the porous /nembrane thus obtained were 
evaluated and the results of evaluation are shown in Table 1 . , 

75 

Examples 8 to 12 ' 

Using a polymer solution having each of the compositions shown in Table 2, porous membranes were 
made under the same conditions as described in Example 7. except that steam was supplied at a feed rate 
20 of 11 mg/sec«cm 2 for 4 minutes. The structural characteristics and other properties of these porous 
membranes were evaluated and the results of evaluation are shown in Table 1 . 

In all cases, there was obtained an asymmetrical membrane comprising a straight-pore layer and a void 
layer. 

When the temperature of the steam was measured in the same manner as described in Example 1, it 
25 was found to be 44° C. , 


Example 13 * 

30 The polymer solution was prepared by dissolving, in 1565 parts of methyl ethyl ketone, 40 parts of a 

copolymer consisting of tetrafluoroethylene and vinylidene fluoride in a molar ratio of 20:80 and 60 parts of 
polymethylmethacrylate. 

An apparatus as illustrated in Fig. 4 was used In this example. This apparatus included a rotary drum 1 
made of stainless steel and having a diameter of 300 mm and a width of 300 mm. The drum was equipped 
35 with a temperature controlling jacket disposed therein, and its surface temperature was adjusted to 20 °C. in 
the horizontal plane containing the shaft of the drum, a knife coater 4 was disposed above the drum 
surface, as illustrated in Fig. 4. While the drum was being rotated at a speed of 0.1 rpm, a polymer solution 
was continuously cast thereon to a thickness of 250 urn. A steam supply nozzle 5, which comprised a 
straight pipe of 12.5 mm inside diameter having a plurality of holes of 4 mm diameter at intervals of 25 mm. 
40 was disposed at a position 30 cm away from the drum surface. Saturated steam having a pressure of 3 
kg/cm 2 was ejected from this nozzle and supplied to the surface of the film at a rate of 1660 mg/sec over a 
surface area of about 300 cm 2 . 

Then, on the underside of the rotary drum, the resulting porous film 9 was predried by exposure to dry 
air ejected from an air supply nozzle 10. Further, on the side opposite to the knife coater, a free roll 11 was 
45 brought into contact with the rotary drum to strip the porous film from the rotary drum. 

Finally, the porous film was passed through a dryer *1 8 kept at 50 °C and then wound on a take-up roll 

13. 

The structural characteristics and other properties of the porous membrane thus obtained were 
* evaluated and the results of evaluation are shown in Table 1 . 

50 , 

Example 14 

An apparatus as illustrated in Fig. 5 was used in this example. This apparatus included an endless belt 
55 21 made of stainless steel and having an overall length of 2 m and a width of 330 mm. While the belt was 
being driven at a speed of 25 cm/min by driving pulleys 22 and 23 having a diameter of 250 mm. the same 
polymer solution as used in Example 1 was continuously fed to the surface qfetfte belt. Thus, a film 37 of 
the polymer solution having a thickness of 250 urn was formed. A steam supply nozzle 3v which 

9 *. . 
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composed a straight P«pe of 12.5 mm inside diameter having a plurality of holes of 4 mm diameter at 
.ntervals of 25 mm. was disposed at a position 15 cm above the belt surface. Saturated steam havno 
pressure of 3 kg/cm* was ejected from this nozzle and contacted with the film at a feed rate o f I n 
mg/seccm2. Thus, the film was coagulated and made porous. ' - 

Then, the resulting porous film was exposed to air ejected from an air supply nozzle 32 so « tn 

Z^ a TT ° f 'T 01 Pr6Sent " ^ P ° r0US fHm - Th6reafter - the P° rous film wa * stripped rom the 
belt. Further, the porous film was dried in a hot-air dryer 39 kept at 60°C and then wound on a take-up roH 

The structural characteristics and other properties of the porous membrane thus obtained were 
. evaluated and the results of evaluation are shown in Table 1 . 

Example 15 

• A porous membrane was made under the same conditions as described in Example 14. except that the 
shownt j J>t X V ed St6am ^ 5 0 m9/SeC ' Cm2 - The reSults of evaluation °< ^i S porous membrane are 

Example 16 

porous membrane was made under the same conditions as described in Example 14. except that the 
shown^^bleT 3 ^ $team 0 mg/SeC ' Cm2 - The resu,ts of valuation of this porous membrane are 

Example 17 . 

A porous membrane was made under the same conditions as described in Example 14, except that the 
steam supply nozzle 31 was disposed at a position 10 cm above the belt surface. The results of evaluation 
of this porous membrane are shown in Table 1 . 

Example 18 

A porous membrane was made under the same conditions as described in Example 14. except that a 
polymer solution prepared by dissolving ,50 parts of polyacry.onitrile and 50 parts of polystyrene in 1900 
Table 1 6 US6d " PeSU ' tS ° f evaluation of this P°™.s membrane are shown in 

Example 19 . 

A solution was prepared from 100 parts of HjC = CHCOO(EO), 2 (POMEO) 12 COCH = CH 2 (where EO 
represents an ethylene oxide unit and PO represents a propylene oxide unit) having an HLB value of 10 3 " 
10 parts of benzoyl peroxide and" 2000 parts of ethyl alcohol, and the porous membrane obtained 'in 
Example 1 was soaked in this solution for S.seconds. Then, the soaked porous membrane was placed in an 
atmosphere of nitrogen and heated at 60" C for 30 minutes. 

The porous membrane, so treated was mounted in' a commercially available filter holder. When water 
was supp ,ed to the straight-pore layer surface of the membrane under a pressure of 200 mmH 2 0. water 
tiowed out almost uniformly from the opposite surface. 

When the untreated porous membrane of Example 1 was tested in the same-manner as described 
above, water failed completely to pass through the porous membrane. 
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(3) Since their pores extend m a d.rect.on subs tant.ally perpe " a '^ Moreover, there is little 
exhibit low resistance to the passage of fluids and •^'^"^^e. and surface filtration 
probability that the materia, to be filtered is ^"^^"^^f^^on of the membrane, 
essentially takes place. This facilitates -^.^f^^^S J d "Lew*hout any alteration of 

(4) Because of their good storage stability, they can be storea many * 
their porous structure. This makes them easy to handle. 
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The porous membranes of the pre 
of polymer and the average pore diarr 
surface pores with an average pore c 
membranes for the removal of impuriti 
5 fields including water treatment, fooa 
membranes having an average pore di 
for the removal of coarse particles or as 

ro Claims 

, 1 . A porous membrane consisting c 

(a) in at least one surface there 
membrane surface are present at a su: 

rs diameter within the range of 0.01 to 1( 
and a coefficient of variation of pore die 

(b) the overall porosity of said po 
2. The porous membrane as claims 

perpendicular to the membrane surface 
20 3. The porous membrane as claime 

perpendicular to the membrane surface 
porosity of said porous membrane is wr 

4. The porous membrane as claime 
perpendicular to the membrane surfac 

25 surface consists of a void layer which 
pores. 

5. The porous membrane as claimer 
perpendicular to the membrane surface 

6. The porous membrane as claimer 
30 perpendicular to the membrane surface 

porosity of said pores is within the range 

7. The porous membrane as claime 
that is insoluble in water and soluble in 
g per 100 g of water. 

35 8. The porous membrane as claim 

acrylic ester polymer or a polymer blenr 
9. The porous membrane as claime , 

blend containing a (meth)acrylic ester r. 

fluorinated polyolefins. 
4 o 10. The porous membrane as clc 

copolymer of styrene or a derivative the 

1 1 . The porous membrane as claim 
been made hydrophilic. 

12. The porous membrane as clairr 
45 and has been made by use of a moving 
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